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Field of the Invention 

[001] The present invention relates to an apparatus and method for 
embossing a moving web of material, such as paper, to create a functional 
controlled degradation of the machine direction strength of the web while limiting 
degradation of the cross-machine direction strength of the web. In particular, the 
present invention relates to an apparatus and method for embossing a moving 
web using an embossing system having perforate embossing elements oriented 
to define perforating nips substantially oriented in the cross-machine direction to 
improve the flexibility, feel, bulk, and absorbency of the paper. 

Background of the Invention 

[002] Embossing is the act of mechanically working a substrate to cause 
the substrate to confonn under pressure to the depths and contours of a 
patterned embossing roll. Generally the web is passed between a pair of 
embossing rolls that, under pressure, form contours within the surface of the 
web. During an embossing process, the roll pattern is imparted onto the web at a 
certain pressure and/or penetration. In perforate embossing the embossing 
elements are configured such that at least a portion of the web located between 
the embossing elements is perforated. As used herein, generally, "perforated" 
refers to the existence of either (1 ) a macro-scale through aperture in the web or 
(2) when a macro-scale through aperture does not exist, at least incipient tearing 
such as would increase the transmittivity of light through a small region of the 




web or would decrease the machine direction strength of a web by at least 15% 
for a given range of embossing depths. 

[003] Embossing is commonly used to modify the properties of a web to 
make a final product produced from that web more appealing to the consumer. 
For example, embossing a web can improve the softness, absorbency, and bulk 
of the final product. Embossing can also be used to impart an appealing pattern 
to a final product. 

[004] Embossing is carried out by passing a web between two or more 
embossing rolls, at least one of which carries the desired emboss pattern. 
Known embossing configurations include rigid-to-resilient embossing and rigid-to- 
rigid embossing. 

[005] In a rigid-to-resilient embossing system, a single or multi-ply 
substrate is passed through a nip formed between a roll whose substantially rigid 
surface contains the embossing pattern as a multiplicity of protuberances and/or 
depressions arranged in an aesthetically-pleasing manner, and a second roll, 
whose substantially resilient surface can be either smooth or also contain a 
multiplicity of protuberances and/or depressions which cooperate with the rigid 
surfaced patterned roll. Commonly, rigid rolls are formed with a steel body which 
is either directly engraved upon or which can contain a hard rubber-covered, or 
other suitable polymer, surface (directly coated or sleeved) upon which the 
embossing pattern is formed by any convenient method such as, for example, 
being laser engraved. The resilient roll may consist of a steel core provided with 
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a resilient surface, such as being directly covered or sleeved with a resilient 
material such as rubber, or other suitable polymer. The rubber coating may be 
either smooth or engraved with a pattern. The pattern on the resilient roll may be 
either a mated or a non-mated pattern with respect to the pattern carried on the 
rigid roll. 

[006] In the rIgid-to-rigid embossing process, a single-ply or multi-ply 
substrate is passed through a nip fomied between two substantially rigid rolls. 
The surfaces of both rolls contain the pattern to be embossed as a multiplicity of 
protuberances and/or depressions an-anged into an aesthetically-pleasing 
manner where the protuberances and/or depressions in the second roll 
cooperate with those patterned in the first rigid roll. The first rigid roll may be 
formed, for example, with a steel body which is either directly engraved upon or 
which can contain a hard mbber-covered, or other suitable polymer, surface 
(directly coated or sleeved) upon which the embossing pattern is engraved by 
any conventional method, such as by laser engraving. The second rigid roll can 
be formed with a steel body or can contain a hard rubber covered, or other 
suitable polymer, surface (directly coated or sleeved) upon which any convenient 
pattern, such as a matching or mated pattem, is conventionally engraved or 
laser-engraved. In perforate embossing, a rigid-to-rigid embossing system is 
typically used. However, a rigid-resilient configuration can also be used for 
perforate embossing. 
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[007] When substantially rectangular embossing elements have been 
employed in perforate embossing, the embossing elements on the embossing 
rolls have generally been oriented so that the long direction axis, i.e., the major 
axis, of the elements is in the machine direction. That is, the major axis of the 
elements is oriented to correspond to the direction of the running web being 
embossed. These elements are referred to as machine direction elements. As a 
result, the elements produce perforations which extend primarily in the machine 
direction and undesirably decrease the strength of the web in the cross-machine 
direction. This orientation improves absorbency and softness, but can degrade, 
i.e., reduce the strength of, the web primarily in the cross-machine direction while 
less significantly degrading the strength of the web in the machine direction. As 
a result, the tensile strength of the web in the cross-machine direction is reduced 
relatively more, on a percentage basis, than that of the machine direction. In 
addition, the cross-machine direction strength of the base sheet is typically less 
than that of the machine direction strength. As a result, by embossing with 
machine direction elements, the cross-machine direction strength is even further 
weakened and, accordingly, because the finished product will fail in the weakest 
direction, the product will be more likely to fail when stressed in the cross- 
machine direction. Often, it is preferred that the web is "square," i.e., has a 
machine direction/cross-machine direction tensile ratio close to 1 .0. 

[008] Cross-machine direction tensile strength can be associated with 
consumer preference for paper toweling. In particular, consumers prefer a strong 



towel, of which cross-machine direction and machine direction strength are two 
components. Because the un-embossed base sheet is typically much stronger in 
the machine direction than the cross-machine direction, a process is desired 
which results in both improved absorbency and softness without sustaining 
excessive losses in cross-machine direction tensile strength. 

[009] The present invention addresses at least the above described 
problem by providing at least two embossing rolls, wherein at least a portion of 
the elements are oriented to provide perforating nips which are substantially in 
the cross-machine direction and are configured to perforate the web, thereby 
allowing relatively greater degradation, i.e., a reduction of strength, of the web in 
the machine direction while preserving more of the cross-machine direction 
strength. 

[0010] Further advantages of the invention will be set forth in part in the 
description which follows and in part will be apparent from the description or may 
be learned by practice of the invention. The advantages of the invention may be 
realized and attained by means of the instrumentalities and combinations 
particularly pointed out in the appended claims. 

Summarvof the Invention 

[001 1] As embodied and broadly described herein, the invention includes 

an embossing system for embossing and perforating at least a portion of a web 

comprising a first embossing roll having embossing elements and at least a 

second embossing roll having embossing elements, wherein juxtaposition and 
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engagement of the first and second embossing rolls define a plurality of perforate 
nips for embossing and perforating the web and wherein at least a predominate 
number of the embossing elements are configured so as to produce perforating 
nips which are substantially oriented in the cross-machine direction. In one 
embodiment, the invention further includes an embossing system wherein 
substantially all of the embossing elements of the first and second embossing 
rolls produce perforating nips which are substantially oriented in the cross- 
machine direction. Further, in a preferred embodiment, the cross-machine 
embossing elements are at an angle of 85 to 95" from the machine direction. 

[0012] In another embodiment, the invention includes an embossing 
system for embossing at least a portion of a web comprising a first embossing 
roll and at least a second embossing roll, wherein each of the first and second 
embossing rolls has at least one juxtaposable embossing element capable of 
producing a perforating nip substantially oriented in the cross-machine direction, 
thereby defining a cross-machine direction perforate nip between the cross- 
machine direction elements for embossing and perforating the web, and wherein 
at least a substantial portion of the cross-machine direction elements have at 
least the ends beveled. 

[0013] In yet another embodiment, the invention includes an embossing 
system for embossing and perforating at least a portion of a web comprising a 
first embossing roll and at least a second embossing roll, wherein each of the 
first and second embossing rolls has at least one juxtaposable element capable 



of producing a perforating nip substantially oriented in the cross-machine 
direction, thereby defining a cross-machine direction perforate nip between the 
cross-machine direction elements for embossing and perforating the web, and 
wherein the cross-machine direction elements have sidewall angles, the angle 
between the sidewall and the radial direction on the cross-machine direction 
sides of the element, juxtaposed so as to be capable of producing a shear line, of 
less than about 20°. In one embodiment the cross-machine direction elements 
have cross-machine direction sidewall angles of less than about 17°. In another 
embodiment the cross-machine direction elements have cross-machine direction 
sidewall angles of less than about 14°. In a preferred embodiment, the cross- 
machine direction elements have cross-machine direction sidewall angles of less 
than 11°. In a further preferred embodiment the cross-machine direction 
elements have cross-machine direction sidewall angles of from about 7° to 1 1 °. 

[0014] In yet another embodiment, the invention includes a method for 
embossing and perforating at least a portion of a web comprising providing a first 
embossing roll having embossing elements and providing at least a second 
embossing roll having embossing elements, wherein at least a predominate 
number of the embossing elements, when juxtaposed such that they are capable 
of producing perforate nips, are substantially oriented in the cross-machine 
direction and wherein the first and second embossing rolls define a perforate nip 
for embossing and perforating the web and passing the web between the first 
and second embossing rolls wherein the first and second embossing rolls are 
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configured to result in an element clearance that will achieve a non-picking 
clearance while achieving at least a 15% reduction in the machine direction 
tensile strength of the web. We have found that it is desirable to exert special 
care to control the circumferential alignment of the two rolls to alleviate picking 
which may result from drift caused by local variances in roll diameter or gearing 
from the ideal. 

[0015] In still yet another embodiment, the invention includes a method for 
reducing the tensile ratio of a web by embossing and perforating the web 
comprising passing a web through an embossing system, wherein the embossing 
system comprises a first embossing roll having embossing elements and at least 
a second embossing roll having embossing elements, wherein the first and 
second embossing rolls define a plurality of perforating nips for embossing and 
perforating the web and wherein at least a predominant number of the perforating 
nips which are substantially oriented in the cross-machine direction. In one 
embodiment, the invention further includes an embossing system wherein 
substantially all of the embossing elements of the first and second embossing 
rolls produce perforating nips which are substantially oriented in the cross- 
machine direction. Further, in a preferred embodiment, the cross-machine 
embossing elements are at an angle of 85-95° from the machine direction. 

[0016] In yet another embodiment, the invention includes a method for 
reducing the tensile ratio of a web by embossing and perforating the web 
comprising passing a web through an embossing system, wherein the embossing 
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system comprises a first embossing roll and at least a second embossing roll, 
wtierein each of the first and second embossing rolls has at least one 
juxtaposable embossing element capable of producing a perforating nip 
substantially oriented in the cross-machine direction, thereby defining a cross- 
machine direction perforate nip between the cross-machine direction elements 
for embossing and perforating the web and wherein at least a substantial portion 
of the cross-machine direction elements have at least the ends beveled. 

[0017] In still yet another embodiment, the invention includes a method for 
reducing the tensile ratio of a web by embossing and perforating the web 
comprising, passing a web through an embossing system, wherein the 
embossing system comprises a first embossing roll and at least a second 
embossing roll, wherein each of the first and second embossing rolls has at least 
one juxtaposable embossing element capable of producing a perforating nip 
substantially oriented in the cross-machine direction, thereby defining a cross- 
machine direction perforate nip between the cross-machine direction elements 
for embossing and perforating the web and wherein the cross-machine direction 
elements have cross-machine direction sidewall angles of less than about 20°. 
In one embodiment the cross-machine direction elements have cross-machine 
direction sidewall angles of less than about 17". In another embodiment the 
cross-machine direction elements have cross-machine direction sidewall angles 
of less than about 14°. It Is preferred that the cross-machine direction elements 
have cross-machine direction sidewall angles of less than about 11°. It is further 
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preferred that the cross-machine direction elements have cross-machine 
direction sidewall angles of from about T to 1 1"*. 

[0018] In another embodiment, the invention includes a method for 
reducing the tensile ratio of a web by embossing and perforating the web 
comprising passing a web through an embossing system, wherein the embossing 
system comprises a first embossing roll having embossing elements and at least 
a second embossing roll having embossing elements, wherein the first and 
second embossing rolls define a perforate nip for embossing and perforating the 
web and wherein the first and second embossing rolls are configured to result in 
an element clearance that will achieve a non-picking clearance. 

[0019] The invention further includes a perforate embossed web having a 
plurality of cross-machine direction oriented perforations wherein the embossed 
web has a tensile ratio of less than about 1 .2. The invention further includes a 
perforate embossed web having a transluminance ratio (as defined hereinafter) 
of at least 1 .005. Still further, the invention includes a wet-laid cellulosic 
perforate embossed web having perforate embossments extending 
predominately in the cross-machine direction. 

[0020] Finally, the invention includes a method of embossing and 
perforating the web comprising passing a web through an embossing system, 
wherein the embossing system comprises a first embossing roll having 
embossing elements and at least a second embossing roll having embossing 
elements, wherein the first and second embossing rolls define a plurality of 
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perforate nips for embossing and perforating tlie web, and wherein the tensile 
ratio of the web is reduced. 

[0021] The accompanying drawings, which are incorporated herein and 
constitute a part of this specification, illustrate an embodiment of the invention, 
and, together with the description, serve to explain the principles of the invention 

Brief Description of the Drawings 

[0022] FIGS. 1A-D illustrates embossing rolls having cross-machine 
direction elements according to an embodiment of the present invention. 

[0023] FIG. 2 illustrates cross-machine direction elements according to 
another embodiment of the present invention. 

[0024] FIG. 3 illustrates cross-machine direction elements according to 
another embodiment of the present invention. 

[0025] FIG. 4 illustrates the alignment of the cross-machine direction 
elements according to an embodiment of the present invention. 

[0026] FIG. 5 illustrates the alignment of the cross-machine direction 
elements according to another embodiment of the present invention. 

[0027] FIG. 6 illustrates the alignment of the cross-machine direction 
elements according to another embodiment of the present invention. 

[0028] FIG. 7 illustrates the alignment of the cross-machine direction 
elements according to yet another embodiment of the present invention. 
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[0029] FIG. 8 is a photomicrograph illustrating the effect of cross-machine 
direction elements on a web according to an embodiment of the present 
invention. 

[0030] FIG. 9 is a photomicrograph illustrating the effect of cross-machine 
direction elements on a web according to another embodiment of the present 
invention. 

[0031] FIG. 10 illustrates the effect of cross-machine direction elements 
on a web according to yet another embodiment of the present invention. 

[0032] FIG. 11 illustrates the effect of cross-machine direction elements 
on a web according to yet another embodiment of the present invention. 

[0033] FIGS. 12A-C are side views of the cross-machine direction 
elements of embodiments of the present invention having differing wall angles 
and illustrating the effect of the differing wall angles. 

[0034] FIGS. 13A-C are side views of the cross-machine direction 
elements of embodiments of the present invention having differing wall angles 
and illustrating the effect of the differing wall angles. 

[0035] FIGS. 14A-G are side views of the cross-machine direction 
elements of yet another embodiment of the present invention having differing wall 
angles and illustrating the effect of the differing wall angles. 

[0036] FIG. 15 depicts a transluminance test apparatus. 
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[0037] FIGS. 16A-B illustrate embossing rolls having both cross-machine 
direction and machine direction elements according to an embodiment of the 
present invention. 

[0038] FIGS. 17A-C illustrate the effects of over embossing a web portion 
in the machine direction and cross-machine direction when using rigid to resilient 
embossing as compared to perforate embossing a web as in FIG. 17D. 

Dfitailed Description 

[0039] Reference will now be made In detail to the preferred embodiments 
of the present invention, examples of which are illustrated in the accompanying 
drawings. 

[0040] The present invention can be used to emboss a variety of types of 
wet-laid cellulosic webs including paper, and the like. The webs can be 
continuous or of a fixed length. Moreover, embossed webs can be used to 
produce any art recognized product, including, but not limited to, paper towels, 
napkins, tissue, or the like. Moreover, the resulting product can be a single ply or 
a multi-ply paper product, or a laminated paper product having multiple plies. In 
addition, the present invention can be used with a web made from virgin furnish, 
recycled furnish, or a web containing both virgin and recycled furnish, synthetic 
fibers, or any combination thereof. 

[0041] In accordance with the invention, as broadly described, the 
converting process includes an embossing system of at least two embossing 

rolls, the embossing rolls defining at least one nip through which a web to be 
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embossed is passed. The embossing elements are patterned to create 
perforations in the web as it is passed through the nip. 

[0042] Generally, for purposes of this invention, perforations are created 
when the strength of the web is locally degraded between two bypassing 
embossing elements resulting in either (1) a macro scale through-aperture or (2) 
in those cases where a macro scale through-aperture is not present, at least 
incipient tearing, where such tearing would increase the transmittivity of light 
through a small region of the web or would decrease the machine direction 
strength of a web by at least 1 5% for a given range of embossing depths. Graph 
1 depicts a comparison of the effects on reduction of strength in the machine 
direction when perforate embossing a web. as defined herein, and non-perforate 
embossing a web. In particular, a conventional wet pressed base sheet was 
perforate embossed between two steel rolls. The same base sheet was non- 
perforate embossed in a rubber to steel configuration. In addition, a through-air- 
dried base sheet was also perforate and non-perforate embossed. The reduction 
in machine direction strength was measured for each of the sheets. The results 
are plotted on Graph 1. 
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Graph 1. Reduction of Machine Direction Tensile Strength 
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[0043] As shown in Graph 1 , when non-perforate embossing either a 
CWP or TAD web to depths of up to 40 mils, the reduction of paper strength in 
the machine direction is less than 5%. And, when non-perforate embossing 
either of the CWP or TAD webs at a depth of 80 mils, the reduction of strength of 
the web is less than 15%. When perforate embossing a web as disclosed in this 
invention, a greater reduction in strength of the web can be achieved. In the 
example set forth herein, strength reductions of greater than 15% are achieved 
when perforate embossing at depths of at least about 15 mils as compared to 
mbber to steel embossing which can result in these strength losses at emboss 
depths of over 60 mils. Accordingly, for purposes of this invention, perforation is 
specifically defined as locally degrading the strength of the web between two 
bypassing embossing elements resulting in either (1) the formation of a macro 



scale through-aperture or (2) when a macro scale through-aperture Is not formed, 
at least incipient tearing, where such tearing would either increase the 
transmittivity of light through a small region of the web or would decrease the 
machine direction strength of a web by at least the percentages set forth in 
Graph 1 , wherein the "at least" percentages are indicated by the dashed line. 

[0044] Not being bound by theory, we believe that the superior strength 
reduction results achieved using the present invention are due to the location of 
the local degradation of the web when perforate embossing as compared to 
when non-perforate embossing. When a web is embossed, either by perforate or 
non-perforate methods, the portion of the web subject to the perforate or non- 
perforate nip is degraded. In particular, as a web passes through a non-perforate 
nip for embossing, the web is stressed between the two embossing surfaces 
such that the fiber bonds are stretched and sometimes, when the web is over 
embossed, which is not desired when non-perforate embossing a web, the bonds 
are torn or broken. When a web is passed through a perforate nip, the web fiber 
bonds are at least incipiently torn by the stresses caused by the two bypassing 
perforate elements. As stated above, however, one difference between the two 
methods appears to be in the location of the at least incipient tearing. 

[0045] When a web is over-embossed in a rubber to steel configuration, 
the male steel embossing elements apply pressure to the web and the rubber 
roll, causing the rubber to deflect away from the pressure, while the rubber also 
pushes back. As the male embossing elements roll across the rubber roll during 
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the embossing process, the male elements press the web into the rubber roll 
which causes tension in the web at the area of the web located at the top edges 
of the deflected mbber roll, i.e., at the areas at the base of the male embossing 
elements. When the web is over-embossed, tearing can occur at these high- 
tension areas. More particularly, FIGS. 17A-C depict rubber to steel embossing 
of a web at various embossing depths. FIG. 17A depicts embossing of a web at 
approximately 0 mils. In this configuration the mbber roll pins the web at the 
points where the web contacts the steel roll element tops. Typically no tearing 
will occur in this configuration. In FIG. 17B, where the embossing depth is 
b approximately the height of the steel embossing element, the web is pinned at 

W the element tops and at a point between the bases of the adjacent steel 

M elements. As with the configuration depicted in FIG. 1 7A, tearing does not 

typically occur in this configuration for conventional embossing procedures. FIG. 
5 1 7C depicts an embossing depth comparable to or greater than the height of the 

steel element. In this configuration, the tree span" of the web, i.e., the sections 
of the web that are not pinned between the mbber and steel rolls, becomes 
shorter as the mbber material fills the area between the adjacent elements. 
When web rupturing occurs, it tends to occur near the last location where web 
movement is possible; that is, the area of degradation 40 is the last area that is 
filled by the mbber material, namely the corners where the bases of the elements 
meet the surface of the emboss roll. 
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[0046] When a web is perforate embossed, on the other hand, the areas 
of degradation 42, as shown in FIG. 17D, are located along the sides of the 
perforate embossing element. It appears that as a result of this difference the 
degradation of the web and the resultant reduction of web strength is 
dramatically different. 

[0047] In one embodiment according to the present invention, the 
embossing rolls have substantially identical embossing element patterns, with at 
least a portion of the embossing elements configured such that they are capable 
of producing perforating nips which are capable of perforating the web. As the 
web is passed through the nip, an embossing pattern is Imparted on the web. It 
is prefenred that the embossing rolls be either steel or hard rubber, or other 
suitable polymer. The direction of the web as it passes through the nip is 
referred to as the machine direction. The transverse direction of the web that 
spans the emboss roll is referred to as the cross-machine direction. It is further 
prefen-ed that a predominant number, i.e., at least 50% or more, of the 
perforations are configured to be oriented such that the major axis of the 
perforation is substantially oriented in the cross-machine direction. An 
embossing element is substantially oriented in the cross-machine direction when 
the long axis of the perforation nip fomned by the embossing element is at an 
angle of from about 60" to 120° from the machine direction of the web. 

[0048] In an embodiment according to the present invention, and as 
shown in FIG. 1 , the converting process includes an embossing system 20 of two 
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embossing rolls 22 defining a nip 28 through which the web 32 to be embossed 
is passed. According to one embodiment, the embossing rolls 22 are matched 
embossing rolls. The embossing rolls can be, for example, either steel or hard 
rubber, or other suitable polymer. The embossing rolls 22 have at least a portion 
of embossing elements 34 oriented such that the major axis of the elements 34 is 
in the cross-machine direction, i.e., the elements are in the cross-machine 
direction. It is possible to envisage configurations in which perforations 
extending In the cross-machine direction are formed by elements which are 
longer in the machine direction, although such a configuration would normally be 
sub-optimal as it would compromise the overall number of perforations which 
could be formed in the web. Accordingly, when we discuss elements oriented in 
the cross-machine direction, we are referring to elements that are configured 
such that the orientation of the perforation formed by those elements extends in 
the cross-machine direction, irrespective of the shape of the remainder of the 
element not contributing to the shape of the nip, whether the element be male or 
female. While the embossing rolls 22 can also have embossing elements 
oriented such that the major axis of the elements is in the machine direction, a 
predominant number, i.e., at least 50% or more, of the elements 34 should be 
oriented such that they are capable of producing perforating nips extending in the 
cross-machine direction. In another embodiment, substantially all, i.e., at least 
more than 75%, of the elements 34 are oriented such that they are capable of 
producing perforating nips extending in the cross-machine direction. In yet 
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another embodiment, all of the elements are oriented in the cross-machine 
direction. Moreover, at least about 25% of the cross-machine direction elements 
are perforating elements. In a prefen-ed embodiment, all of the cross-machine 
direction elements are perforating elements. Thus, when the web passes 
through the embossing rolls 22, at least a portion of the cross-machine direction 
elements are aligned such that the web is perforated such that at least a portion 
of the perforations are substantially oriented in the cross-machine direction. 

[0049] The end product characteristics of a cross-machine direction 
perforated embossed product can depend upon a variety of factors of the 
embossing elements that are imparting a pattern on the web. These factors can 
include one or more of the following: embossing element height, angle, shape, 
including sidewall angle, spacing, engagement, and alignment, as well as the 
physical properties of the rolls, base sheet, and other factors. Following is a 
discussion of a number of these factors. 

[0050] An individual embossing element 34 has certain physical 
properties, such as height, angle, and shape, that affect the embossing pattern 
during an embossing process. The embossing element can be either a male 
embossing element or a female embossing element. The height of an element 
34 is the distance the element 34 protrudes from the surface of the embossing 
roll 22. It is preferred that the embossing elements 34 have a height of at least 
about 15 mils. In one embodiment according to the present invention, the cross- 
machine direction elements 34 have a height of at least about 30 mils. In 
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another embodiment of the present invention, the cross-machine direction 
elements 34 have a height of greater than about 45 mils. In yet another 
embodiment of the invention, the cross-machine elements have a height of 
greater than about 60 mils. In yet another embodiment, a plurality of the 
elements 34 on the roll have at least two regions having a first region having 
elements having a first height and at least a second region having elements 
having a second height. In a prefen-ed embodiment, the elements 34 have a 
height of between about 30 to 65 mils. Those of ordinary skill in the art will 
understand that there are a variety of element heights that can be used, 
depending upon a variety of factors, such as the type of web being embossed 
and the desired end product. 

[0051] The angle of the cross-machine direction elements 34 substantially 
defines the direction of the degradation of the web due to cross-machine 
perforate embossing. When the elements 34 are oriented at an angle of about 
90° from the machine direction, i.e., in the absolute cross-machine direction, the 
perforation of the web can be substantially in the direction of about 90° from the 
machine direction and, thus, the degradation of web strength is substantially in 
the machine direction. On the other hand, when the elements 34 are oriented at 
an angle from the absolute cross-machine direction, degradation of strength in 
the machine direction will be less and degradation of strength in the cross- 
machine direction will be more as compared to a system where the elements 34 
are in the absolute cross-machine direction. 
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[0052] The angle of the elements 34 can be selected based on the 
desired properties of the end product. Thus, the selected angle can be any angle 
that results in the desired end product. In an embodiment according to the 
present invention, the cross-machine direction elements 34 can be oriented at an 
angle of at least about 60° from the machine direction of the web and less than 
about 120° from the machine direction of the web. In another embodiment, the 
cross-machine direction elements 34 are oriented at an angle from at least about 
75° from the machine direction of the web and less than about 105° from the 
machine direction of the web. In yet another embodiment, the cross-machine 
direction elements 34 are oriented at an angle from at least about 80° from the 
machine direction of the web and less than about 100° from the machine 
direction of the web. In a preferred embodiment, the cross-machine direction 
elements 34 are oriented at an angle of about 85-95° from the machine direction. 

[0053] A variety of element shapes can be successfully used in the 
present invention. The element shape is the "footprint" of the top surface of the 
element, as well as the side profile of the element. It is preferred that the 
elements 34 have a length (in the cross-machine direction)/width (in the machine 
direction) (L/W) aspect ratio of at least greater than 1 .0, however while noted 
above as sub-optimal, the elements 34 can have an aspect ratio of less than 1 .0. 
It is further preferred that the aspect ratio be about 2.0. One element shape that 
can be used in this invention is a hexagonal element, as depicted in FIG. 2. 
Another element shape, temned an oval, is depicted in FIG. 3. For oval 

23 



elements, it is preferred that the ends have radii of at least about 0.003" and less 
than about 0.030" for at least the side of the element forming a perforate nip. In 
one embodiment, the end radii are about 0.0135". Those of ordinary skill in the 
art will understand that a variety of different embossing element shapes, such as 
rectangular, can be employed to vary the embossing pattem. 

[0054] In one embodiment, at least a portion of the elements 34 are 
beveled. In particular, in one embodiment the ends of a portion of the elements 
34 are beveled. Oval elements with beveled edges are depicted in FIG. 1. By 
beveling the edges, the disruptions caused by the embossing elements can be 
better directed in the cross-machine direction, thereby reducing cross-machine 
direction degradation caused by the unintentional machine direction disruptions. 
The bevel dimensions can be from at least about 0.010" to at least about 0.025" 
long in the cross-machine direction and from at least about 0.005" to at least 
about 0.015" in the z-direction. Other elements, such as hexagonal elements, 
can be beveled, as well. 

[0055] The cross-machine direction sidewall of the elements 34 defines 
the cutting edge of the elements 34. According to one embodiment of the 
present invention, the cross-machine direction sidewalls of the elements 34 are 
angled. As such, when the cross-machine direction sidewalls are angled, the 
base of the element 34 has a width that is larger than that of the top of the 
element. It is preferred that the cross-machine direction sidewall angle be less 
than about 20". It is still further prefenred that the cross-machine direction 
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sidewall angle be less than about 17°. It is still further preferred that the cross- 
machine direction sidewall angle be less than about 14°. Finally, in a preferred 
embodiment the cross-machine direction sidewall angle is less than about 11°. It 
is further preferred that the cross-machine direction sidewall angle be between 
about 7° and 11°. 

[0056] When the opposing elements 34 of the embossing rolls are 
engaged with each other during an embossing process, the effect on the web is 
impacted by at least element spacing, engagement, and alignment. When 
perforate embossing, the elements 34 are spaced such that the clearance 
between the sidewalls of elements of a pair, i.e., one element 34 from each of the 
opposing embossing rolls 22, creates a nip that perforates the web as it is 
passed though the embossing rolls 22. If the clearance between elements 34 on 
opposing rolls is too great, the desired perforation of the web may not occur. On 
the other hand, if the clearance between elements 34 is too little, the physical 
properties of the finished product may be degraded excessively or the embossing 
elements themselves could be damaged. The required level of engagement of 
the embossing rolls is at least a function of the embossing pattern (element 
array, sidewall angle, and element height), and the base sheet properties, e.g., 
basis weight, caliper, strength, and stretch. At a minimum, it is preferred that the 
clearances between the sidewalls of the opposing elements of the element pair 
be sufficient to avoid interference between the elements. In one embodiment, 
the minimum clearance is about a large fraction of the thickness of the base 
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sheet. For example, if a conventional wet press (CWP) base sheet having a 
thickness of 4 mils is being embossed, the clearance can be at least about 2-3 
mils. If the base sheet is formed by a process which results in a web with rather 
more bulk, such as, for example, a through air dried (TAD) method or by use of 
an undulatory creping blade, the clearance could desirably be relatively less. 
Those of ordinary skill in the art will be able to determine the desired element 
spacing of the present invention based on the factors discussed above using the 
principles and examples discussed further herein. 

[0057] As noted above, in one embodiment it Is preferred that the height 
□ of the elements 34 be at least about 30 mils, and it Is further preferred that the 

y height be from about 30 to 65 mils. Engagement, as used herein, is the overlap 

3 in the z-direction of the elements from opposing embossing rolls when they are 

engaged to form a perforating nip. The engagement overlap should be at least 1 
m mil. 

[00581 In one embodiment, the engagement is at least about 1 5 mils. 
^ Various engagements are depicted in FIGS. 12-14. In particular, FIG. 12 depicts 

a 32 mil engagement. That is. the overlap of the elements, in the z-direction, is 
32 mils. The desired engagement is determined by a variety of factors, including 
element height, element sidewall angle, element spacing, desired effect of the 
embossing elements on the base sheet, and the base sheet properties, e.g., 
basis weight, caliper, strength, and stretch. Those of ordinary skill in the art will 
understand that a variety of engagements can be employed based on the above, 
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as well as other factors. It is preferred that the engagement be chosen to 
substantially degrade the machine direction tensile strength of the web. It is 
further preferred that the engagement be at least about 5 mils. 

[0059] In one embodiment, where the element height is about 42.5 mils 
and the elements have sidewall angles of from about T to 1 1°, the engagement 
range can be from about 16 to 32 mils. FIG. 12 depicts a 32 mil engagement, 
where the element heights are 42.5 mils and the sidewall angles are 7°, 9°, and 
11°. It is believed that lower sidewall angles make the process significantly 
easier to run with more controllability and decreased tendency to "picking." 

[0060] The element alignment also affects the degradation of the web in 
the machine and cross-machine directions. Element alignment refers to the 
alignment in the cross-machine direction within the embossing element pairs 
when the embossing rolls are engaged. FIG. 4 depicts an embodiment including 
hexagonal embossing elements having a full step alignment, i.e., where the 
elements are completely overlapped in the cross-machine direction. FIG. 5. 
depicts an embodiment wherein hexagonal embossing elements are in half step 
alignment, i.e., where the elements of each element pair are staggered so that 
half of the engaged portion of their cross-machine direction dimensions overlap. 
FIG. 6. depicts an embodiment wherein hexagonal embossing elements are in 
quarter step alignment, i.e., where the elements of each element pair are 
staggered so that one quarter of the engaged portion of their cross-machine 
direction dimensions overlap. The embodiment depicted in FIG. 7 is a staggered 
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array, wherein each element pair is in half step alignment with adjacent element 
pairs. Those of ordinary skill in the art will understand that a variety of element 
alignments are available for use with this invention, depending upon preferred 
embossing patterns, web strength requirements, and other factors. 

[0061] FIGS. 8-9 depict the effects of various alignments of a hexagonal 
element arrangement on a web. In the example depicted in FIG. 8, where the 
elements are in full step alignment, perforations exist only in the cross-machine 
direction in the area between the element pairs. However, between the pairs of 
element pairs, occasional machine direction perforations can be caused in the 
machine direction. The result Is a degradation of strength In both the machine 
and cross-machine directions. In the example depicted in FIG. 9, the web is 
embossed by element pairs in half step alignment. In this example, the 
perforations exist primarily in the cross-machine direction, with some minor 
perforations caused in the machine-direction. Thus, in FIG. 9, machine direction 
strength is degraded, and cross-machine direction strength is degraded to a 
lesser extent. 

[0062] As noted above, the elements can be both in the machine direction 
and cross-machine direction. FIG. 16 depicts an emboss roll having cross- 
machine direction and machine direction hexagonal elements. 

[0063] In another embodiment, depicted in FIG. 10. beveled oval 
elements are in full step alignment. As with the full step hexagonal elements 
discussed above, in the area between the element pairs perforations exist 
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primarily in the cross-machine direction. However, between the pairs of element 
pairs, perforations can be caused in the machine direction. The result Is a 
degradation of strength in both the machine and cross-machine directions. In the 
embodiment depicted in FIG. 1 1 , on the other hand, where the beveled oval 
elements In a half step alignment are employed, the machine direction 
perforations are substantially reduced. In particular, between the elements in 
half step alignment, the perforation lies primarily in the cross-machine direction. 
Between the element pairs, which are in zero step alignment, primarily pinpoint 
mptures exist. These pinpoint ruptures have a minor effect on degradation of the 
O directional properties of the web. 

U [0064] Those of ordinary skill in the art will understand that numerous 

different configurations of the above described element parameters, i.e., element 
f shape, angle, sidewall angle, spacing, height, engagement, and alignment, can 

m be employed in the present invention. The selection of each of these parameters 

J may depend upon the base sheet used, the desired end product, or a variety of 

other factors. 

[0065] One factor, which is impacted by these parameters, is "picking" of 
the web as it is embossed. Picking is the occurrence of fiber being left on the 
embossing roll or rolls as the web is embossed. Fiber on the roll can diminish 
the runability of the process for embossing the web, thereby interfering with 
embossing perfomnance. When the perfomnance of the embossing rolls is 
diminished to the point that the end product is not acceptable or the rolls are 
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being damaged, it is necessary to stop tlie embossing process so that the 
embossing rolls can be cleaned. With any embossing process, there is normally 
a small amount of fiber left on the roll which does not interfere with the process if 
the roll is inspected periodically, e.g., weekly, and cleaned, if necessary. For 
purposes of the invention, we define picking as the deposition of fiber on the rolls 
at a rate that would require shut down for cleaning of the rolls more frequently 
than once a week. 
Examples 

[0066] The following examples exhibit the occurrence of picking observed 
In certain arrangements of cross-machine direction perforate embossed patterns. 
This data was generated during trials using steel embossing rolls engraved with 
the cross-machine direction beveled oval embossing pattern at three different 
sidewall angles. In particular, the embossing rolls were engraved with three 
separate regions on the rolls~a 7° embossing pattern, a 9° embossing pattern, 
and an 1 1° embossing pattern. Two trials were performed. In the first trial, the 
embossing rolls had an element height of 45 mils. The base sheet, having a 
thickness of 6.4 mils, was embossed at engagements of 16, 24, and 32 mils. In 
the second trial, the steel rolls were modified by grinding 2.5 mils off the tops of 
the embossing elements, thereby reducing the element height to 42.5 mils and 
increasing the surface area of the element tops. The base sheet having a 
thickness of 6.2 mils was embossed at engagements of 16, 24, 28, and 32 mils. 
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For each trial, embossing was performed in botli half step and full step 
alignment. 

[0067] The element clearances for each of the sidewall angles of the first 
and second trials have been plotted against embossing engagement in Graphs 2 
and 3, respectively. The broken horizontal line on each plot indicates the caliper 
of a single ply of the base sheet that was embossed. The graphs have been 
annotated to show whether fiber picking was observed at each of the trial 
conditions (half step observation being to the left of the slash, full step 
observation to the right). The picking results are depicted in Graphs 2 and 3 
below. 
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[0068] Graph 2 shows that for this particular trial using embossing rolls 
having a 45 mil element height, picking did not occur at any of the sidewall 
angles. However, as shown in Graph 3, when the embossing rolls having a 42.5 
mil element height were run, fiber picking was observed on the 1 1° sidewall 
angle elements at the higher embossing engagements, i.e., 24, 28, and 32 mils. 
No fiber picking was encountered with elements having sidewall angles of 7° or 
9°. 

[0069] Based on the observed data, it appears that picking is a function of 
the element height, engagement, spacing, clearance, sidewall angle, alignment, 
and the particular physical properties of the base sheet, including base sheet 
caliper. An example of element clearance can be seen in FIG. 12, where the 
side profiles of the 42.5 mil elements (having 7°, 9°, and 11° sidewall angles) at 
32 mil embossing engagement are shown. Clearance is the distance between 
adjacent engaging embossing elements. As noted above, the caliper of the 
embossed sheet for this trial was 6.2 mils. As shown in FIG. 12, the calculated 
or theoretical clearance at 7^ is 0.004906" (4.906 mils), the clearance at 9*^ is 
0.003911" (3.911 mils), and the clearance at 11° is 0.00311" (3.11 mils). Thus, 
for this trial at a 32 mil engagement, picking was observed only when the 
clearance was less than about of the caliper of the sheet. Compare this to the 
clearances shown in FIG. 13. FIG. 13 depicts the sidewall profiles of the 42.5 mil 
elements at 28 mil embossing engagement. In this arrangement, the calculated 
or theoretical clearance at 7° is 0.006535" (6.535 mils), the clearance at 9° is 
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0.005540" (5.540 mils), and the clearance at 1 1° is 0.004745" (4.745 mils). In 
this trial, picking was observed when the clearance was less than about 3/4 of 
the caliper of the sheet. Note, however, that when embossing at 32 mils, as 
described above, picking did not occur at 9°, while the clearance was less than 
4.745 mils. FIG. 14 depicts the sidewall profiles of the 42.5 mil elements at 24 
mil engagement. In this arrangement, the clearance at 1 1° is 0.005599" (5.599 
mils), slightly less than the caliper of the sheet. As shown on Graph 3, picking 
did occur for these elements, but only when the elements were in full step 
alignment and not when in half step alignment. And, as shown in Graph 2, 
i picking did not occur at all, at any angle, engagement, or alignment, for the 45 

111 

mil embossing rolls. 

C] [0070] Thus, based on the collected data, picking can be controlled by 

O 

varying element height, engagement, spacing, clearance, alignment, sidewall 
H angle, roll condition, and the physical properties of the base sheet. Based upon 

^ the exemplified infomiation, those of ordinary skill in the art will understand the 

^ effects of the various parameters and will be able to determine the various 

arrangements that will at least achieve a non-picking operation, i.e., the 
configuration required to avoid an unacceptable amount of picking based on the 
factors discussed above, and, hence, produce acceptable paper products with £ 
process that does not require excessive downtime for roll cleaning. 

[0071] To establish the effectiveness of the various element pattems In 
perforating the web in the cross-machine direction, and thereby degrading 
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machine direction strength while maintaining cross-machine direction strength, a 
test was developed, the transluminance test, to quantify a characteristic of 
perforated embossed webs that is readily observed with the human eye. A 
perforated embossed web that is positioned over a light source will exhibit 
pinpoints of light in transmission when viewed at a low angle and from certain 
directions. The direction from which the sample must be viewed, e.g.. machine 
direction or cross-machine direction, in order to see the light, is dependent upon 
the orientation of the embossing elements. Machine direction oriented 
embossing elements tend to generate machine direction ruptures in the web 
which can be primarily seen when viewing the web in the cross-machine 
direction. Cross-machine direction oriented embossing elements, on the other 
hand, tend to generate cross-machine direction ruptures in the web which can be 
seen primarily when viewing the web in the machine direction. 

[0072] The transluminance test apparatus, as depicted in FIG. 15, 
consists of a piece of cylindrical tube 44 that is approximately 8.5" long and cut at 
a 28° angle. The inside surface of the tube is painted flat black to minimize the 
reflection noise in the readings. Light transmitted through the web itself, and not 
through a rupture, is an example of a non-target light source that could contribute 
to translucency noise which could lead non-perforate embossed webs to have 
transluminance ratios slightly exceeding 1 .0. but typically by no more than about 
0.05 points. A detector 46. attached to the non-angled end of the pipe, measures 



36 



the transluminance of the sample. A light table 48, having a translucent glass 
surface, is the light source. 

[0073] The test is performed by placing the sample 50 in the desired 
orientation on the light table 48. The detector 46 is placed on top of the sample 
50 with the long axis of the tube 44 aligned with the axis of the sample 50, either 
the machine direction or cross-machine direction, that is being measured and the 
reading on a digital illuminometer 52 is recorded. The sample 50 is turned 90° 
and the procedure is repeated. This is done two more times until all four views, 
two in the machine direction and two in the cross-machine direction, are 

: i: 
sats 

D measured. In order to reduce variability, all four measurements are taken on the 

W same area of the sample 50 and the sample 50 is always placed in the same 

^1 location on the light table 48. To evaluate the transluminance ratio, the two 

'"f machine direction readings are summed and divided by the sum of the two cross- 

m machine direction readings. 

H [0074] To illustrate the results achieved when perforate embossing with 

^ cross-machine direction elements as compared to machine direction elements, a 

variety of webs were tested according to the above described transluminance 

test. The results of the test are shown in Table 1 . 
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Table 1. Transluminance Ratios 





Basis 


Creping IMetiiod 


Emboss 


Emboss 


Translumin 
ance 




Weight 
(lbs/ream) 


(Blade) 


Alignment 


Pattern 


Ratio 




30 


Undulatory 


Full Step 


CD Beveled Oval 


1.074 




30 


Undulatory 


Half Step 


CD Beveled Oval 


1.056 




32 


Undulatotv 


Half Step 


CD Beveled Oval 


1.050 




30 


Undulatory 


Half Step 


CD Oval 


1.047 




31 


Undulatory 


Half Step 


CD Oval 


1.044 




31 


Undulatory 


Full Step 


CD Oval 


1.043 




30 


Undulatory 


Full Step 


CD Beveled Oval 


1.040 




32 


Undulatory 


Half Step 


CD Beveled Oval 


1.033 




30 


Undulatory 


Half Step 


CD Beveled Oval 


1.033 




30 


Undulatory 


Full Step 


CD Oval 


1.027 




32 


Undulatory 


Half Step 


CD Beveled Oval 


1.025 




30 


Undulatory " 


Half Step 


CD Oval 


1.022 




31 


Undulatory 


Full Step 


CD Oval 


1.018 




20 


Undulatory 


Half Step 


CD Beveled Oval 


1.015 


E 2 5 


30 


Undulatory 


Half Step 


CD Beveled Oval 


1.012 


y - 


30 


Undulatory 


Full Step 


CD Beveled Oval 


1.006 




28 


Standard 


Unknown 


MD Perforated 


A r\c\r\ 

1 .000 




24 


Undulatory 


Half Step 


MD Perforated 


0.988 




22 


Standard 


Unknown 


MD Perforated 


0.980 




29 


Undulatory 


Half Step 


MD Perforated 


0.966 




29 


Undulatory 


Half Step 


MD Perforated 


0.951 




31 


Undulatory 


Half Step 


MD Perforated 


0.942 




29 


Undulatory 


Half Step 


MD Perforated 


0.925 



[0075] A transluminance ratio of greater than 1 .000 indicates that the 
majority of the perforations are in the cross-machine direction. For embossing 
rolls having cross-machine direction elements, the majority of the perforations 
are in the cross-machine direction. And, for the machine direction perforated 
webs, the majority of the perforations are in the machine direction. Thus, the 
transluminance ratio can provide a ready method of indicating the predominant 
orientation of the perforations in a web. 
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[0076] As noted above, perforated embossing in tlie cross-machine 
direction preserves cross-maciiine direction tensile strength. Thus, based on the 
desired end product, a web perforate embossed with a cross-machine direction 
pattern will exhibit one of the following when compared to the same base sheet 
embossed with a machine direction pattern: (a) a higher cross-machine direction 
tensile strength at equivalent finished product caliper, or (b) a higher caliper at 
equivalent finished product cross-machine direction tensile strength. 

[0077] Furthemnore, the tensile ratio (a comparison of the machine 
direction tensile strength to the cross-machine direction tensile strength~MD 
strength/CD strength) of the cross-machine perforate embossed web typically will 
be at or below the tensile ratio of the base sheet, while the tensile ratio of the 
sheet embossed using prior art machine direction perforate embossing typically 
will be higher than that of the base sheet. These observations are illustrated by 
the following examples. 

[0078] Higher cross-machine direction strength at equivalent caliper is 
demonstrated in Table 2. This table compares two products perforate embossed 
from the same base sheet~a 29 pounds per ream (Ibs/R), undulatory blade- 
creped, conventional wet press (CWP) sheet. 



Table 2. Increased CD Strength a 


t Equivalent Caliper 


Emboss 
(perforate) 


Basis Wt. 
(Ibs/R) 


Caliper 
(mils) 


MD Dry 
Tensile 
(g/3") 


CD Dry 
Tensile 
(g/3") 


Dry Tensile 
Ratio 
(MD/CD) 


CD 
Hexagonal 


29.1 


144 


3511 


3039 


1.16 


MD 
Hexagonal 


29.2 


140 


4362 


1688 


2.58 
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[0079] As shown in Table 2, the cross-machine direction perforate 
embossed web has approximately the same caliper as the machine direction 
perforate embossed web (144 vs. 140 mils, respectively), but its cross-machine 
direction dry tensile strength (3039 g/3") is considerably higher than that of the 
machine direction hexagonal-embossed web (1688 g/3"). In addition, compared 
to the tensile ratio of the base sheet (1 .32), the cross-machine direction perforate 
embossed web has a lower ratio (1 .16), while the machine direction perforate 
embossed web has a higher ratio (2.58). Thus the method of the present 
invention provides a convenient, low cost way of "squaring" the sheet-that is, 
bringing the tensile ratio closer to 1 .0. 

[0080] Higher caliper at equivalent finished product cross-machine 
direction tensile strength is illustrated by three examples presented in Table 3. 
For each example a common base sheet (identified above each data set) was 
perforate embossed with a cross-machine direction and a machine direction 
oriented pattern (Hollow Diamond is a machine direction oriented perforate 
emboss). 
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Table 3. Increased Caliper at Equ 


valent CD Tensile Strenflth 


Emboss 
(perforate) 


Basis Wt. 
(Ibs/R) 


Caliper 
(mils) 


MD Dry 
Tensile 
(g/3") 


CD Dry 
Tensile 
(a/3") 


Dry Tensile Ratio 
(MD/CD) 






Doeo c5ho*.t...mHMlatnrv hlade-creDsd. CWP base sheet with tensile ratio - 


CD Quilt 


28.8 


108 


4773 


4068 


1.17 


MD Quilt 


28.8 


78 


6448 


3880 


1.66 




Raco Qha^t-.ind.ilatnrv blade-creDBd. CWP base sheet with tensile ratio - 1.32 


CD Quilt 


29.5 


154 


2902 


2363 


1.23 


MD Quilt 


29.5 


120 


5361 


2410 


2.22 




Roop choot-iinri.iiatnrv hlade-creped. CWP base sheet with tensile ratio - 1.94 _ 


CD Oval 


24.6 


75 


4805 


2551 


1.88 


Hollow 
Diamond 


24.1 


56 


5365 


2364 


2.27 



[0081] In each case, the cross-machine direction perforate embossed 



product displays enhanced caliper at equivalent cross-machine direction dry 
tensile strength relative to its machine direction perforate embossed counterpart. 
Also, the cross-machine direction perforate embossed product has a lower 
tensile ratio, while the machine direction perforate embossed product a higher 
tensile ratio, when compared to the corresponding base sheet. 

[0082] The current invention further allows for a substantial reduction in 
base paper weight while maintaining the end product performance of a higher 
basis weight product. As shown below in Table 4, wherein the web is formed of 
recycled fibers, the lower basis weight cross-machine direction perforate 
embossed towels achieved similar results to machine direction perforate 
embossed toweling made with higher basis weights. 
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Table 4. Performance Comparisons. 



PRODUCT ID 


20204 


22#30C6 




30.5#HD 


28#29C8 


EMBOSS 


Hollow 
Diamond 

(MD 
Perforate) 


CD Oval 

(CD 
Perforate) 




Hollow 

Diamond 

(MD 
Perforate) 


CD Oval 

(CD 
Perforate) 


BASIS WT (LBS/REAM) 


24.1 


22.2 




31.3 


28.9 


CALIPER 


56 


62 




76 


81 


DRY MD TENSILE (g/3") 


5365 


5057 




5751 


4144 


DRY CD TENSILE (g/3") 


2364 


2391 




3664 


3254 


MD STRETCH (%) 


7.6 


8.1 




8.8 


10.1 


CD STRETCH (%) 


6.3 


6.1 




5.5 


5.3 


WET MD CURED 
TENSILE (g/3") 


1236 


1418 




1409 


922 


WET CD CURED 
TENSILE (g/3") 


519 


597 




776 


641 


MacBeth 3100 
BRIGHTNESS (%) 


72.3 


72.6 




1 0.0 




SAT CAPACITY (g/m^) 


98 


102 




104 


119 


SINTECH MODULUS 


215 


163 




232 


162 


BULK DENSITY 


367 


405 




340 


385 


WET RESILIENCY 
(RATIO) 


0.735 


0.725 




0.714 


0.674 



[0083] In Table 4, two comparisons are shown. In the first comparison, 



an 24.1 lbs/ream machine direction perforated web is compared with a 22.2 
lbs/ream cross-machine direction perforated web. Despite the basis weight 
difference of 1 .9 lbs/ream, most of the web characteristics of the lower basis 
weight web are comparable to, if not better than, those of the higher basis weight 
web. For example, the caliper and the bulk density of the cross-machine 
direction perforated web are each about 10% higher than those of the machine 
direction perforated web. The wet and dry tensile strengths of the webs are 
comparable, while the Sintech modulus of the cross-machine direction perforated 
web (i.e., the tensile stiffness of the web, where a lower number is preferred) is 
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considerably less than that of the machine direction perforated web. In the 
second comparison, similar results are achieved in the sense that comparable 
tensile ratios and physicals can be obtained with a lower basis weight web. 
Paradoxically, consumer data indicates that the 28#29C8 product was rated 
equivalent to the 30.5#HD product while the 22#30C6 product was at statistical 
parity with the 20204 product, but was possibly slightly less prefen-ed than the 
20204 product. 

[0084] This invention can be used in a variety of different processes. The 
webs in each of the above-described examples were formed in a conventional 
wet press process. However, the invention is equally applicable when the base 
web is a through air dried web. In addition, to increase the smoothness of the 
resulting product, the web may be calendered. Or, as in one of the examples 
above, to increase the bulkiness of the product, an undulatory creping blade such 
as described in U.S. Patent No. 5,690,788, which is herein incorporated by 
reference, may be used. Those of ordinary skill in the art will understand the 
variety of processes in which the above-described invention can be employed. 

[0085] It is understood that the invention is not confined to the particular 
construction and arrangement of parts and the particular processes described 
herein but embraces such modified fomis thereof as come within the scope of 
the following claims. 
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